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Abstract 



PROBLEM TO BE SOLVED: To widen a distance measuring range, and to improve distance measuring 
accuracy, in a three-dimensional image detecting device for detecting the distance to a subject on each pixel 
by utilizing time delay of reflected light. 

SOLUTION: A laser beam is irradiated to an object to be measured from a light emitting device 14. 
Reflected light from the object to be measured is received by a CCD 28 through an imaging lens 1 1 . A signal 
charge corresponding to the distance to the object to be measured is detected by the CCD 28 by controlling 
a timing of light emission of the light emitting device 14 and a timing of a storage operation in the CCD 28. 
An image signal based on the detected signal charge is outputted to an AID converter 24 through a CDS 
amplifier 29, a gain amplifier 31 and a bias adjusting circuit 32. A part of the image signal is adapted to an 
operation range of the A/D converter 24 by adjusting a gain and a bias of the gain amplifier 31 and the bias 
adjusting circuit 32. 
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5 5 tUi 7J * tl ho t ffSffittffl T yi 14 0 7 11 jfvt EH 

24), LfctfoT, EKflMBa>«^*«l±*£L&i^ 

ccd 2 8 idi*mt*ffl*i>a«»*<A»f sfcto. 

Zffl*1>a«»t*tl£Lf=«^W5s 2 5A<S6±L. 

- Kt*ttLTLV=«#*flrS 2 6 A^iSIc^^^ 
^F+L-So ZC0<S^S^S2 614. #l.fflja»*<E«flHBI= 

ais-riB«st*3E-*-4f=«)©. «ffi»a»fHiT U1 t»-r 

[0 0 3 8] Xf'^1087lt EUffiiEltaro^tB 
«lf* ©BBtti^ b17^-^ KKBIHlA < ^7 Lfc^SAv t 

ti-6. 1 7-f-;uKfflm*<|*7t6i:(l#*ffiS2 6© 
1 7-f-;uKJ«IBIlct5f=«5f|»i<*7L. 0 
9 tJaL^-CCWfl^Stlfcff^^r^CCD 2 8frt>& 

f£L, X^-y^1 1 0ICJJL\Tii«> : EU3 4|C-B$&<] 
icffift^K C©E«1tW*lb»lf*©^Py7AI4»7 

[0 0 3 9] »±©J:9tL-Cttia4tifcEli1fMBtE 
fit*iliEtS«^b. n*»©R»$»*Lf=E«fll«Jb<» 

LA X L> CCD2 8IC«ky«aii*tlfcfi»Jt 
14. *¥tW)*ffi©fi»*©R«t*tt:t»€»fcft. C 

[0040] ;*tia 10-012 Lr^^<**ffi 
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CD £3}¥<OS5Sf \z& 1 4S»*1fMB©tt UnHf \z-d l^T 

t#tiB]^i^ wm\zi&Ht z>&*tft&t zov. 

i&ffi^tiSo Hio,Hiilt, fi»*flHBfcJ;i;JE 

cfcs 

[0 0 4 1] ^^r-yZfZO 1~2 06T?li. SW¥HHR 
©ttfflUltt (H10*JH) tffTfc+rfl*. 

1 T?l±, SttWMHl#*<ffl***i*i:i:ttaS3t«» 
A< Mtt $ *U / OUX « <D;!| S% S 3 3 tfffitt MlctlJ^i 

CCD2 8 Icj: SfcfcUffifl 
A<BB}S**l. *ffi»ttiUt#S 3 1 £ttff££ireS3 

ti&Cirl^oTs 7*h*-f ;J— KU:J3lt4*»W& 
rH*ifniCfc.& (ft^S3 2) . tffttUL{|*S 3 1 
(DUJ**<JlTf Sirs jfflffiftS 3 3*<ttiA£*ls CCD 
KlifiltStS 3 4 fiW*S 3 4*<J|l|«Lfc 
its WrtESff^S 3 536<ffi***iS. ffcfr^fitt* 

m«o«stuit^ii, tfiMULff*s 3 kdu^ht 

BlflJWmT^rtl-. Strifes 3 4<0±TA<g*£;h,S 

[00 4 2] CCOJ: ?\Z7* b?-<*— K5 1 1?lis S 
W*S 3 4$Se*LTl>4iaiifiW*S 3 4 trtJfelCfc 
H-rS***?5S3 6A<^tt^tls l£fcs £ft*S 3 4 
L Tl*te iffl li^^lcfiB-T S 3 
7 s S 3 8#gfS£;h-&„ ^LT^ici^lS-^S 3 5(0 

*«flrS3 9l*£lt*1MRK8l£U *v*t*<«# 

S' 39 £#A>-s?l^6„ 

[0 0 4 3] 0 3-eits £lf*ffi«Wiinff 

ir: fcu-C sKO^^*Hfcm^ , t^A<C C D 2 8 frhBUl 
L. X^f-y^2 0 5 icfclxTIHfty^ 'J 3 4 ln-B#Mln 

S n= k ■ R • 1 • t 

-C.***l«>. C C-C k ttttfljfc »■<?. I!Kl/>X())Ft 

[0 0 4 8] •f»©3t3536^a>3fc-ClBW* 
I =I S + I B 

[0 0 4 9] IH7|r;«**l4«»:9lC«?5»«B»|lll« 
T^s aS*S30>/OUX«£T S , EIH1t«.(0A4« 

S Mio=I ( k • R (Is • + 



)D 01-147109 ( P 2 001— 1 471 09A) 

CHaSUlbfts JHfc&Sl 4®«#Mftj!><f*Jt-*-*. 

[0 0 4 4] Xf'^2 0 7-2 1 Otli. £S*$fiSlE 
ffi«0>fcti3»tt (BO 1 1*BB) *<ffft*3*i6. ^f7 7' 
2 0 7-eiis SEIB]^^A<tb^^*lS iri: t \ZC CD 
2 8l=«fc*«{»«WA<BWS**i-6. t&^£*gfi1 
4 ©*3fcMtt*<frfcfr*i'& :^<, 3te3S#;B;IT£ tifc 
#®"C?s «ffi»lUL«#S4 1 t*«teiS«#S4 2*^ 

**iftt^=» (?F^s43) s fittaiifHt-a-* (ff* 

S4 4) o L/:^t> BLttWIM<J>1M*nmtJt±L 
fcl*A<. CC D 2 8 lcttrt**©rtart#A<A»*ftfc 
fts Cffl*Mt*©#1.a*»lw*HtLfcfi^«ffiS4 6A< 
8£Ls «Wlci&S^S4 2©U*|r;J:o-C, 
7* K^Y*- RESULT Ufcfi^tffiS 4 7A<SH 

CaS»^ea&*;»v&. :«)«ttlS4 71*, 

*<m^sfSB#r B T t U2 t nt 6 sw^itams is-re « * 

[0 0 4 5] ^f-^20 8"eiis SM^MjEmsffitt 
1 7-f-;u KJWllia<*T-r*i<»*flrs 4 7 

tX> 1 7-f -JU K«IBt^fc&flBJ'i<*T U X-r-y ? 2 
0 9 Kfc l^T C ©f8# CCD28A^ 

IC^f&Ls Xf'^2 1 Olnfcl^TlHSl/^'J 3 4IC- 

[0 04 6] x^->^2 1 1 -eiis EKItHStttun^ 

(H9) fcsfc^X-f'y 0 1 ~ 2 1 OlnfclvC^b 

Xf-^21 2T'lis »U*nf=Slt-7 : -^A<ES«tt: 

[0 04 7] ^inx-f -V^2 i i icfci^-cHfr ^?4xS;H 
fr*llJI<DW§E£ig7 -01 1 ^#8SLT!iiW^So 
$ r (Dft^tttfUHf! * tis w ct)S¥<**<JiS I © 2 

atji«t*nTccDttt«**if=«**a*-r*. c 

cOt^s *»*WftlBta)IIIIIw7* hy-r*-K5 1 ire 
• • • (2) 

... (3) 

1 2C0/^i,7.itilJt Vq ir Us 1 ^-fHl-KSBHI'l 3 © 

SUi^SM^lis 
IB " Tui) ) 
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= k - N • R (Is 

T D =d - t 
= 2r/C 

[00 5 0] H 1 0t**tLS«t 9l-^^UXtt©*ffiS 

SM 20 =I (k-R ( I s " Ts + I B 



W( 7 )D 0 1 - 1 4 7 1"0 9 
TD + I B " T U1 } 



( p 2 0 0 1 - 1 
... ( 4) 



4 7 1 0 9 A) 



■ - - (5) 



T U2 ) ) 



= k ■ N ■ R CI. 



To + I 



B 



T U2> 



(6) 



[0051] ms 



SMi| = I ( k - R • I b " TjjP 
= k • N ■ R " I b " Tui 



■ ■ ■ (7) 



SM 21 = Z 



( k • R ■ I 



■ T U2> 



= k • N ■ R • 1 g • Tj2 

S D = (S M 10 ~S M^) / 
= T D /T S 

[00 5 3] ±aLfc«fe5l-affijfeS 3 iSit^tS 4IC 

l*-t*tf*irt3lfc*©*1>ai*# (***!:: «fc SHU 1 b ) 

^BttlTU-5„ (9) iC(7)To /T s l±, ;9IE#S3 

it. as&s 3 o)Htm (ia 7coe^m^s 1 1 i-tts) 

fcffli:, StifftS4<7)#S (Hi OtfMS^1^S3 9lc 

2 r = C • T S • (SM^-SM]]) 
cfc yElt rA<ff f,*LS. 

[0 0 5 5] ^IcE 13.014 LTjEHW-aifl) 

;! s » it £ a ± £ -a- h 7J £ I c -3 1 * -c i« m t * o 

[00 5 6] H 1 3 I*, HEL/>i?l*l£t^, EE HE 
0>a3t«Sl±ft^W i de^-K-CltlB (EE) Lfc» 
*l=J3lt4. /<<f7XMSHIE3 2frS>A/D«l»2 
4^ffiA£;h.4B«^^©ffiau*JU<fc«¥tt:*"e©E 

& 0 Vmin -Vmax l± A/ D?f 8l§82 4 ©Hlf£iEI8"C<fc 
U x R0~R3liWi d e^E— Klcfclf-SEE b> v 

(W i d e U>v) -CfcS, ETal R 0 ~ R 1 , E 

fH R 1 ~ R 2 . EPal R 2 ~ R 3 I* , W i d»U>v$3 
•30BBl:f#aLtt(DT?fty. -tft^txiftEJS b> 
v. *EStU>v> aEEU>$?t?*4. 

[00 5 7] EftLOtt. ©E*t<!:EK11l« 
lc«jfc**H««©U»U'<;Ufc0Bllflfc£*LTl* 
l>„ t&fr^EEIIMRCttWlllffcKfcl^T. 
©EEA<R0©4:#, /<Y7*HEEI*3 2frbA/D 
£$§12 4^aj*^^?>il«<g^©tti^l±Viiiin T?& 
&¥tt£-t?0)EKg#R 30£ £lci±Vmax T?*S„ 



[0 0 5 2] 
(SM 2 0-SM 2 1) 



(4) 



(6) 



(8) 
(7) 



(8) itfrb. 



(9) 



fiS) fr&rt&JStt (H1 1 tfMl 

[0054] (9) St©=&tti^ttSMio. SM]], SM 
20. SM2ittXf"-V 7 1 05. 1 10, 205. 210 
icfcl^T, EttflfflL Efitf*IElf$}> J5«$1f«, fit* 

-&„ /^UXiBT s liRtt-efeS^f). (5) xttT D / 
T S frbJEl rAM&bft*. tfcfr* 
/ (SM20-SM21) (10) 
*fc. ttttLO' |±, «5tt:*-efflffilli:fi»*1tl«lc 
WJfc**n««#©ttJAU*JUi©BMR£*L-Cl*4. 

EfittfRO©*: /W7XWBEItt3 2fr&A/DE 
»*2 4^Hl»**i.6H««-^a>lil*liVmax "Cfcy. 
»9ft*T?©EE>&<R3©i:#KltVinin £ 

[0 0 5 8] A/D*|ftS2 4A<fiHitli8t*'y hT-A* 
m^tt^itt&tt&t. T^T U O'OlWmt^ (Vni 
n ~Vmax ) (±25 6 (2 8 ) ©t "i'SUHM-l-fclft* 
Lfcii'ot. «|jtliiai 3fl)J:5l=H««^oai 
ftft<EttfcEBttttHftl~&U« A/D£&Sg2 4tf*g 
ff*S^b£ffk?ti£Ki±. Wi d et-Ktfci+ig 
*t©E£fifl£t± (R3-R0) /2 56tft4. 

[0 05 9] H 1 4li. ;HEb>v£jftEi$U>v. * 
Bil/>'A ilEEU>i?l-BS-rftftihy 

^-K. iSEE^-Klcfc^rEIB (HE) ifTftofc 
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«*iljCttt*Lf=t©-C*S. EH L 114, Wi de 
*-Kl=fcM+4EB11l«©B«**£*-riI«L0 (B 

1 3) £3ftLfct©-Cfc*. ^tobtttttL 114. V 
<f ^7>?3 1 \Z&lt$>?<(l/£\N i d s=E- K©3ft 
IcLfct #ty-f>7>^3 1 fre>/«7'XMB0»3 

2^ua**i*EBflt«©B««*sai/ci,**. an 

L 1 ' ItWi d e*-Kl=fcff.&E»*flMft©B*« 
^^tl^LO' (B13) S3»LHCT?fty, 

LitH», yf^T>^3 1 icfcitsy-o^w i d 

• K(D3ttlCLfct#l=y-f >7">^3 1 ^&/<-f 
7XW»B»3 2^Wa**lSfiM*fl|«©B<HI^£ 

[00 60] tt*SL 2I4EHL 1 ^TS^AV 1 K 

L/it©xfcy , ttH l 2*<*t^ittt-cii^*ifcBiHiR 
o~ri (ifiEBu>v) dfc^xte, -trom^u^u 

l*A/D£}$l§£2 4 0)ij!]fttaaW (Vmin ~Vmax ) lc 
fc&o LWot, ifiEBU>vfl©EBl4 8 t'<v hX 
*=Ht£*i* *a>a£UISli CR0-R1) /2 5 6<t 
Wid »*-K©4:#©3tt©f||Ki:tt4. *E 
SIU>v (BIB|R1~R2) ^iaffiliU^v (EP0R2 

~R3) izfc^xt, iftEBu>v©EB©ft;3]i:ia]t* 

lc, tt*SL 1 £T7J^A V 2, AV3v7hLtISL 

E«1«R©B««#£aLTl*-&. LfctfoX^EB* 
— K, JtEB* — Kl-fcl^Xt, Wi d et- K© t # 

0) 3 ft © B« m *Tf & b > i? © EB£ SI C i #X 
#■6. fcfc\ EWt!«<Dttia-C?tt, &¥#£X©E«A< 

©X, Bttt-r*EliU>S?lcfclt4B«ffl#fl)U*L' 
*;U£A/D£$S§2 4CDiJlf^i6ffl-Cfc^)V m j n ~v 
max lzS££-t±-Slcl4, ^©EBU^vtfJfEBKfca 
£#l££B<(HI*©T£^©->7 h*£*#< Lfclfft 

I4*fcbfcl\, 

[00 6 1] ISISL 2 ' , L 3 ' , L 4 ' 14, El* L 
1' ^TWilftlAVU A V2, AV3v7hL 
fct,©Xfcy, #tt*©*tMKII»»*<-f-*l^*litElt 

U>v, ifiEltU^vlc^f&LTl^o 

*-K, *EB=E-K, ilEB^-KXh*:, Widei 
fi»*flMB©*U-ei±. ft¥<*£x©EB*<«*-r&ic 

Lfci«oTHtt«^©ttiA U-«JHb<;*'J>t6©X, 

i: t h E B U > vie ft It 6 ®#<t^© ffi A U * A / 

D«tft*2 4fflnftt6B-e**v B j n ~v max tzmsz 
*©EBU>S?* < iftEBK*4£#IS£B* 

[00 6 2] 0 1 5 14, ttmmo** 7 IcJSHT* 

1) o B1 5«#BLT*ilJS»»^llff4tl41ilB»f* 
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[0 0 6 3] Xf 7^3 0 1 l:j30Il/iJ-XXY7f 
0 2A<Hff^tl, Ifx* (V) ^-KiEHa^ (D) 

[0 0 6 4] Dt- K4<aH?**lTt^ t*iJ3£ i: 
^lC(4s Xt-V?3 0 3l^fc^TW i d et- WgjR 
£ftXl*£frg*v!>M9Jj££;h,| >0 W i d ei-h'l^gjR 
**l-Ct^-6tflS**l*t. Wi d et-hWIS^ 
tfeSXf'^3 1 0~Xf '^3 1 3 tf&'nZhh* 

[0 0 6 5] Xf y^3 1 0, Xf 7^3 1 1 XI4, H 
««*Dy-r>a3*tf/W 7XA<W i d e^-KtfeMt 

-r>7>?3 1 fc«fci;/W7xM»B»3 2*ttai-rs 

Cirlct yfrfr+iS. Xf-;^3 1 2XI4, 09©7o 

fr^tl-S. ^©^X^-y^3 1 3ICJ3UX01 2£#RB 
LTMWLfcfi»*fll«©«tUMf^i««fT**l, C©» 
fi»W4»7-r-5. 

[0 0 6 6] Xf'^30 3lZfcl>XW idei- KA< 
£ft£ftXl*fcl^:¥ij££;h£<!:, Xt--i/:73 0 4 Kfc 

ifiE«l-K*<»!R4JhTl*6£«£*;h.6i:ifiE 
fit=E-K©«^K){t"e*i)^f--V^3 2 0~Xf^3 
2 4#3Ht£*1&. 

[0067] Xf7^32 0X14, ^r-T >7>^3 1ff) 

y-r>*<wi d K©t*©y-r> af'^ai 

0X©rJt£IS) ©^1^.143 telzs&££*i h a f 

Wi d e^E- K©&#©EKj:B1ktt#£:©Mff'Cft'& 

ISHL0 (H 1 3) 0 1 4©ttl*L 1 XS^SBI 

fflctt*. Xf -y^3 2 1 XI4, ifiEB Unlets Iff, 

EKtfi«©<S^U'<VUA<A/D?t^§§2 4©it^«5Ht 

B*-T4J:3l-B««*©/W7X4<»3e*nft. 

1 A<T73^AV 1 h £ftlll* L 2 <t 5 
J: 5 l-B««#©^-r 7X tf/U 7X^Sia8& 3 2 «fc 
yWSil**l'S 0 X-r-y^3 2 2X14, !9fl)7P-ft 
-h-e**ftfcE«tt*©*UMfM<*fi4*i4. *l= 
Xf'V^3 2 3 IcfcUX, jftElib>vtfclti,SW* 
tS«©1S^-U'<-'UA < A/D 3tHi§t 2 4©itftiEBic;@£ 
1"4J:5fCBill*#©/<-r7X3!l<l9!***l«. t6*3% 
SfiLT *<T73^AV3->7h^*llt^L4' ttih 

J: ? lcBiM#©/<-f 7^ WtU 7 ^BSBB 3 2 \z cfe 

ySSS^+LSo f©«Xf 7 7*3 2 4ICfcL^X01 2© 

^p-ft- h-e*4*ifcfi»»flMR©«ujiif«)<*ff 
c©B»iBf*i4*7-r*. 

[0 0 6 8] Xt»;^3 0 4ICfil^TifiEB*-KA<H 
^ 4 ftxi^fci^fj^ 4+i *<t, xf;^ o 5lefc^,^ 
X«f EBB*- WaiR*4xX^*4^a^3!i<*l***i 
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3 3A<5lt7c?*x^o 

[00 6 9] ^T7^3 3 0T'li, ifiS; Sift — K<7) Xf 
•v^3 2 Oirllj^-y-OT^^a 1 0V-f >7b<W i d 
e=E- V0)b ZOfJ^O) 3fttgft^*K Widet 

- K®£ #aEtt&Bttff^£a>Hft-e&&lKttL. 0 

(013) fr\ 13 1 4(DEJf L 1 ?\ZU&<, 7s^--j 

zfzz i -eii, *situ>i;i-i3i+ftffi)iflMifl>«^u 

* JUtf A / D 2 4 0 SbfP KHI= 6 * 9 l=B 

S^V2->7 r-£*iE$L3 £&6£?l~li#<S^a> 
/WTXtfA-f 2ICJ: yMB3*i&. * 

^•>^3 3 2-CI±. 0 9©7P-ft- r-T-jf^ft/iE 
KflH8©ttU»fWllfT4*l*. ^ICXx-y^33 3IZ 

LI" A N L 3 ' ^(0v7 EJtttltatttil 

l-fclf&HI&L 1frbiE$L3's0)v:7 h-*A V2K3I 

tttti *tTft?lWI-iHSll^l=»-*'4 

/W7 , xa>8ltlS£?"&ii&£A<fc^o 
[00 7 0] ^f7^3 0 SKfclvC^EK^-KjMB 

SEK * - K tffflR * 4vCl £ * 4x4 fc SEIH 

- K©*jgMfVC*4XT '^^3 4 0~Xf'>?3 4 4 

3&<3lfT*tl6. 

[00 7 1] Xf7^340^lt iftEftl- K^*E 

li- wtttmm^ >rv^y>^3 1 royv^A< 
w i d e^-Krottroattfcussti, Elt^DWt 
^troBffi^Bi 4©miLi ^^-y^3 

4 itii, *EKu>s?f=fcit*Elt11MB0>*#i''<^ 

A<A/D*ft»2 4©IMMtHltad-* - 4J:5lwlHft(t 
A V 3 •> 7 K 4 tlB« L 4 t «: * * 9 l=B*«*D / <-f 

7XA<MVzxsisiia^3 2i^<fc LjM&&h&. xf9 

?'34 2T*li, E9 05-7P— ^-V— h-e^**xf=ffiKlH 
*(D£tH»fW«SHT*4v6. *tXf';^3 4 3lcfcl^ 

/ D£jH§g2 4 (Didf^iiSHI-a^-r^J: 5I=B«I#«) 
/<<7Xj^j£*;K5. -ffcfr^HttL 1' *<T*^A 
V 1 h*timl»L 2" t3tE4«fc9l=Htfiil*©/<-f 

7 , xA</<-f7'^ii»0»3 2i=*ywi**ti6. 

Xf'y?34 4 1-fcUTia 1 2 05 7P— T-V— hT*^£ 

[00 7 2] ^f'V^30 6lcJ3^xaffli^-K4« 

^^tL-Cl^Ot^JS^tl/ii^lZli, Xf -^3 0 3 
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fcfc\ Widet-K, jfiEBTE- K\ tpEfiS^- H\ 

■V;n 7*#f^-r*Ci:lcJ:yfT*3iKi>. 

[0 0 7 3] Xf7 7 3 0 2 Cfcl^Vt- K# 

a*?**l-Ct^i«S**lf=t#ICli, 7^3 5 0 

KfcLvcaEjfcwaW^ttl&KWiSl*. th&ttt 

l-„ Xf -y^3 5 1 iCfcl^TCCD 2 8Kcfc6ii?s;<D|§ 
S&Ittt (CCDt'ftW) A<*>ttS8l=S«>&tl» X 
x ? ^ 3 5 2 T? HUE * *lfcB*x- * tfEfittfftM KB 
ft («#) 

[0 07 4] Ja±fl)J:9t» *SISfi»lll-J:*il*. ME 

CCD 2 8frbttJ7j£*i6m-^0) 
/W7XSn»f *f=l+-Cffi»lc» ;1S^[S]t0;flEU> 
vM< » froa£flt£0ff^3&5cB1fcftti]&SA<ff 
btiSo ffcfr*, iftEK^-K. fEli^-K, 3E 

- k tH i:u>i?a>aEJb<Riiiei?i&y» ttfi^ft^siE 
u>v^ti=Em*a!£**i*©-<?, au&nuttas< * 

-i>Ci:A<-C#4o CCD2 8^&U**tl-6«^ 

JlfiU>i/S»6*l4Wi d et-Kt. fl£&K(*ffi 
^ *< 1 [U 0) t§ 8s T 1 1 & l E U > v L * ^ t> 4x U I *ifi E 

mt-h'. *E*^-K\ aEH^-KtwraaHae** 

[0 07 5] fcfc\ ¥Y>A<3^ICL 
Wi d e U^v^SCXDU^vl-ttSIU #U>vl~l± 

*n?&< *L^) I^LWi d e U>v$ n JU±0)»ro 

gfc, Wi d el-K^V^^.If2|S, 3^, 4 

[0 07 6] 

^IBWiSflfflL, «¥**:*-C©EliSB*«l^ttliJt 
* 3«5cB«SttliJ*1fC?fco-C, aEU>5?©3HS*<a 

< . ^gwKSfltDEitw-aii-wrsaisisJSwKt^ 
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